We report here the identification and functional characterization of two new human caspase recruitment domain (CARD) molecules, termed Pseudo-interleukin-1b converting enzyme (ICE) and ICEBERG. Both proteins share a high degree of homology, reaching 92% and 53% identity, respectively, to the prodomain of caspase-1/ICE. Interestingly, both Pseudo-ICE and ICEBERG are mapped to chromosome 11q22 that bears caspases-1, -4-and -5 genes, all involved in cytokine production rather than in apoptosis. We demonstrate that Pseudo-ICE and ICEBERG interact physically with caspase-1 and block, in a monocytic cell line, the interferon-g and lipopolysaccharide-induced secretion of interleukin-1b which is a well-known consequence of caspase-1 activation. Moreover, Pseudo-ICE, but not ICEBERG, interacts with the CARD-containing kinase RICK/RIP2/CARDIAK and activates NF-kB. Our data suggest that Pseudo-ICE and ICEBERG are intracellular regulators of caspase-1 activation and could play a role in the regulation of IL-1b secretion and NF-kB activation during the pro-inflammatory cytokine response. Cell Death and Differentiation (2001) 8, 649 ± 657.
Introduction
Caspase-1, also known as interleukin-1b converting enzyme (ICE), was initially defined as the protease responsible for the processing of the inactive precursor of interleukin (IL)-1b into its active pro-inflammatory form.
1,2 Caspase-1 was then shown to be able to process IL-18, a costimulatory factor for another pro-inflammatory cytokine, interferon (IFN)-g. 3 The proinflammatory role of caspase-1 was strengthened by the results revealed by gene targeting experiments. 4 ± 6 Caspase-1 deficiency in mice is indeed associated with a major defect in IL-1b production in vivo accompanied by a resistance to endotoxic shock and to a decrease of experimental pancreatitis severity and to survival benefits. 4, 6 The production of IFN-g was shown to be markedly impaired in lipopolysaccharide (LPS)-stimulated splenocytes from caspase-1-deficient mice. 7 Moreover, a reduction of the incidence and severity of experimental autoimmune encephalomyelitis paralleled to a defective production of IFN-g was observed in caspase-1 knock-out animals. 8 Subsequent to the discovery of caspase-1, ced-3, a nematode gene that encodes a protein essential for all 131 programmed cell deaths that occur during the hermaphrodite development of the nematode C. elegans was cloned. 9, 10 The sequence of CED-3 protein revealed its high homology to caspase-1. 9 This finding led different groups to search in nucleic acid databases for sequences homologous to ced-3 or caspase-1. 11, 12 Using this strategy, 12 human caspases have been cloned to date. 13 Based on their sequence and their in vitro and in vivo functions, these caspases have been divided into three major subfamilies. 12 The first group contains the caspases-1, -4, -5 and -13 that possess a long pro-domain and are likely to play a role in inflammation by participating in the maturation of cytokines. 12 The second and third groups are composed of caspases playing a role in apoptosis. 12 Some of them, defined as effector caspases, such as caspase-3, have a short prodomain and become active following their cleavage by other caspases. This notion is well exemplified by caspase-8 or caspase-9-induced activation of caspase-3 in Fas-mediated apoptosis or in Apaf-1/ cytochrome c pathway, respectively. 14 ± 17 The other apoptogenic caspases, that bear a long prodomain, like caspases-8 or -9, are activated by clustering-mediated autoprocessing. 18 ± 20 Indeed the long prodomain of caspases are characterized by the presence of specific motifs, called death effector domain (DED) and caspase recruitment domain (CARD) , that form six antiparallel helices and mediate homotypic binding. 21 Caspase-8 possesses a DED that allows the binding to the DED of the adaptor FADD which itself associates with the death receptor Fas. 20 The induced-proximity of several caspase-8 zymogen forms facilitates the autoprocessing of this protease. 19, 20 Similarly, the complex Apaf-1/cytochrome c/ dATP induces caspase-9 activation via the direct binding of their respective CARD. 17, 18 Despite the fact that caspase-1 was the first discovered caspase, the mechanisms leading to its activation have been barely investigated. Oligomerization has been proposed to be a prerequisite for caspase-1 activation by autoprocessing. 22 The only protein known so far that is able to bind to the CARD containing prodomain of caspase-1 is the CARD protein, RIP-like interacting CLARP kinase (RICK/RIP2/CARDIAK). 23, 24 Interestingly, the ectopic expression of RICK was shown to induce the cleavage of caspase-1 presumably by provoking its oligomerization. 23, 24 Based on what is known about the activation of long prodomain caspases, such as caspase-9, we hypothesize that CARD-containing proteins could regulate caspase-1 function. The aim of our study was therefore to identify potential new regulators of caspase-1 activation by searching databases for sequences homologous to the prodomain of caspase-1. This strategy, that has been proven successful for the identification of many DED and CARD molecules, 21 led us to the cloning and the functional characterization of two new proteins, termed Pseudo-ICE and ICEBERG.
Results and Discussion

Identi®cation of Pseudo-ICE and ICEBERG
To identify potential regulators of caspase-1 activity, we searched public databases of expressed sequence tags (EST) for clones that are significantly homologous to the prodomain of human caspase-1/ICE-a (residues 1 ± 103). Using this strategy, two ESTs (Genbank accession numbers AA046000 and AA070591) encoding two novel open reading frames with high degree of homology to the prodomain of caspase-1 were found.
EST clone AA046000 contains a 273 bp open reading frame that codes for a 90-residue protein with a predicted molecular mass of 10.1 kDa ( Figure 1A ). This protein is 53% identical to the CARD domain of human caspase-1 and 100% identical to ICEBERG. ICEBERG was recently cloned by Humke et al. 24 while this work was in progress and thus we named the new protein ICEBERG.
The other EST clone (AA070591) comprises a full length 294 bp open reading frame as evident from the presence of a stop codon upstream of the initiator ATG (data not shown). This sequence encodes a 97-residue protein, named Pseudo-ICE, whose expected molecular weight is 10.7 kDa ( Figure 1A ). Nucleic acid sequences of Pseudo-ICE and caspase-1 prodomain are 97% identical. Pseudo-ICE is *92% identical to caspase-1 prodomain at the protein level.
Because Pseudo-ICE exhibits high degree of sequence identity to caspase-1, we were unable to analyze its tissue distribution by Northern blot. Therefore, to determine the tissue distribution of Pseudo-ICE mRNA, we performed RT ± PCR analysis using a primer (primer 2) complementary to the 3' untranslated region of Pseudo-ICE cDNA which differs from caspase-1 sequence and another primer corresponding to the first 18 bp (primer 1) of Pseudo-ICE open reading frame ( Figure 1B ). RT ± PCR analysis of multiple tissues and cell line mRNAs with primers 1 and 2 revealed that Pseudo-ICE is expressed mainly in placenta, spleen, lymph node and bone marrow tissues and in the monocytic THP1 cell line ( Figure 1D ). Sequence analysis of the RT ± PCR products from the positive tissues and the THP1 cell line revealed an entire open reading frame identical to that of Pseudo-ICE. Identical distribution was observed for caspase-1, suggesting that Pseudo-ICE and caspase-1 are under similar transcriptional regulation. In contrast to caspase-1 and Pseudo-ICE, ICEBERG mRNA was detected mainly in placenta and to a lesser extent in heart ( Figure 1D ), consistently with Humke et al. 24 observations. ICEBERG mRNA was also found in many human cell lines ( Figure 1D ).
In order to determine the putative chromosomal localization of Pseudo-ICE and ICEBERG genes, the Genbank unfinished High Throughput Genomic Sequences (HTGS) database was searched. Pseudo-ICE sequence matches the sequence of three HTGS clones (accession numbers AC027011, AP001153, AP002787) that are mapped in locus 11q22 suggesting that Pseudo-ICE gene is located on chromosome 11. The comparison between Pseudo-ICE sequence and the working draft sequence of HTGS clones revealed that Pseudo-ICE gene is composed of at least three exons ( Figure 1C ). ICEBERG sequence also matched the sequences of two HTGS clones on chromosome 11q22 (AC027011 and AC023068). Moreover, it is noteworthy that the sequences of caspases-1, -4 and -5, that belong to the same phylogenic and functional subfamily of caspases, 12, 13 are also found in the same locus (data not shown).
Pseudo-ICE and ICEBERG interact with caspase-1
Based on sequence homology to the prodomain of caspase-1, that roughly corresponds to its CARD, 21 Pseudo-ICE and ICEBERG can be defined as CARD proteins. Since CARD domain is known to mediate protein interaction through homophilic binding, 21 we decided to test whether Pseudo-ICE or ICEBERG could bind to caspase-1. To do this, we incubated 35 S-labeled caspase-1 with glutathione S-transferase (GST), GST-conjugated Pseudo-ICE or ICEBERG bound to resin (Figure 2A ). GST-conjugated Pseudo-ICE or ICEBERG, but not GST alone, were able to interact strongly with 35 S-labeled caspase-1 in vitro ( Figure 2B ). GST-Pseudo-ICE and ICEBERG were also able to interact with 35 S-labeled Pseudo-ICE and ICEBERG, suggesting that these proteins can self-associate and can interact with each other ( Figure  2B ). In vivo binding assays also confirmed the ability of Pseudo-ICE and ICEBERG to self-associate ( Figure 2C ).
The interactions described above are specific since neither Pseudo-ICE, nor ICEBERG coprecipitated in vitro or in vivo other CARD-containing proteins tested, comprising caspases-2, -4, and -9, Apaf-1, CRADD, c-CLAP, and c-IAP2 ( Figure 2C and data not shown). It is noteworthy that Pseudo-ICE and ICEBERG did not interact either with caspases-8 or -10, or with FADD, which contain DEDs and/ Total RNA samples from different human tissues (upper panels) and cell lines (lower panels) were amplified by RT ± PCR with primers specific for Pseudo-ICE, ICEBERG, caspase-1 and b-actin and then analyzed on agarose gel and stained with ethidium bromide. Plasmids (plasmid lanes) containing Pseudo-ICE and ICEBERG (upper panels) or Pseudo-ICE, ICEBERG or caspase-1 (lower panels) were used as control templates for the PCR reactions or death domains structurally and functionally related to CARD 21 (data not shown).
Pseudo-ICE and ICEBERG prevent binding of caspase-1 to RICK
RICK has been shown to bind caspase-1 through CARD-CARD interaction and to induce its processing. 23 To determine whether Pseudo-ICE and ICEBERG can interact with RICK, we transfected 293 T cells with Flag-tagged RICK and T7-tagged Pseudo-ICE or ICEBERG and immunoprecipitated the complexes with an anti-Flag antibody. As shown in Figure 3A , caspase-1 and Pseudo-ICE but not ICEBERG were able to interact with RICK. Similar results were obtained by in vitro interaction assays with 35 S-labeled RICK and GST fusion proteins of caspase-1-CARD, Pseudo-ICE or ICE-BERG (data not shown). The ability of Pseudo-ICE to interact with RICK was expected based on the high degree of homology between the CARD of caspase-1, which mediates its interaction with RICK, and Pseudo-ICE. The absence of any interaction between ICEBERG and RICK is consistent with the results described recently by Humke et al.
24
To determine whether expression of Pseudo-ICE and ICEBERG affects the interaction between RICK and caspase-1, we performed in vivo interaction assays between RICK and caspase-1 in the presence or absence of increasing amounts of Pseudo-ICE and ICEBERG. Both Pseudo-ICE and ICEBERG prevented binding of caspase-1 to RICK in a dose dependent manner, although the effect of Pseudo-ICE was more dramatic ( Figure 3B ). These results indicate that the CARD-CARD interactions between caspase-1 and Pseudo-ICE or ICEBERG interfere with Figure 2 In vitro and in vivo interactions of Pseudo-ICE and ICEBERG with caspase-1. (A) GST, Pseudo-ICE-GST and ICEBERG-GST were expressed in E. coli DH5-a and then bound to gluthatione sepharose resin. The purity of GST-fusion proteins was determined by polyacrylamide gel analysis followed by Coomassie staining. (B) Pseudo-ICE-GST, GST and ICEBERG-GST bound to gluthatione resins were incubated in the presence of in vitro translated 35 Slabeled Pseudo-ICE, ICEBERG or caspase-1 C to A (Casp-1 C/A). The bound proteins were eluted with sample buffer and analyzed by polyacrylamide gel followed by autoradiography. (C) 293 T cells were transiently cotransfected with equal amounts (total DNA of 10 mg/dish) of expression constructs encoding T7-tagged Pseudo-ICE, ICEBERG, caspase-1 C to A, or CRADD and Flag-tagged Pseudo-ICE or ICEBERG or an empty vector control. After 36 h, extracts were prepared and immunoprecipitated with a monoclonal antiFlag antibody. The immunoprecipitates (IP; upper panel) and the corresponding cellular lysates (middle panel) were analyzed by polyacrylamide gel and immunoblotted with a horseradish peroxidase-conjugated anti-T7 antibody. The cellular extracts (lower panel) were also blotted with an anti-Flag antibody followed by horseradish peroxidase-conjugated secondary antibody and chemiluminescence detection. WB stands for Western blot. Molecular weight markers are shown on the right or the left of the panels in (A) and (B), respectively. The films displayed in this figure are representative of at least three experiments Pseudo-ICE and ICEBERG inhibit the induced secretion of IL-1b in THP1 monocytic cell line
To investigate the role of Pseudo-ICE and ICEBERG in IL-1b secretion, which is a well-known consequence of caspase-1 activation, 2,4,5 we generated stable transfectants of THP1 cells expressing T7-epitope tagged Pseudo-ICE, ICEBERG, or caspase-1 C to A active site mutant using a retroviral gene transfer technology. As shown in Figure 4A , all stable transfectants expressed detectable amounts of Pseudo-ICE, ICEBERG and caspase-1 C to A. Interestingly, expression of caspase-1 C/A or ICEBERG reduced by around 80% the secretion of IL-1b, whereas expression of Pseudo-ICE completely blocked the release of IL-1b in response to IFN-g and LPS, suggesting strongly that these proteins block specifically ICE activation ( Figure 4B ). No significant effect by these proteins was observed on secretion of IL-1 receptor antagonist (data not shown), another cytokine that is secreted from THP1 in response to IFN-g and LPS. 25 Furthermore, treatment with IFN-g and LPS of the same number of uninfected or mock-infected (vector) THP1 cells induced the secretion of the same amount of IL-1b, i.e. 585.2+102.7 and 629.8+69.1 pg/ml, respectively (mean+S.E.M., n=7 and 3, respectively). These results indicate that retroviral infection followed by selection has not modified the ability of THP1 cells to respond to IFN-g and LPS. Taken together, our results demonstrate that Pseudo-ICE and ICEBERG reduce IL-1b secretion, probably by binding to the prodomain of caspase-1 thereby preventing its activation by RICK or another novel caspase-1 activator.
Pseudo-ICE and ICEBERG do not induce apoptosis in MCF-7 Fas cells
The ectopic expression of the prodomain of caspase-1 was shown to induce cell death in MCF-7 cells presumably because of the ability of the caspase-1 N-terminal end to translocate to the nucleus. 26 According to Mao et al., 26 a lysine/arginine rich segment at residues 4 ± 11 (KVLKEKRK) that resembles a nuclear localization signal, would be responsible for caspase-1 prodomain nuclear translocation. Despite of the highly conserved sequence, especially at residues 4 ± 11, of Pseudo-ICE, this protein did not induce significant apoptosis when overexpressed in MCF-7 Fas cells and did not affect tumor necrosis factor (TNF)-a-induced apoptosis ( Figure 5 ). Similarly to Pseudo-ICE and unlike to caspase-9 C to A, ICEBERG ectopic expression had no significant effects on basal or TNF-a-induced cell death in MCF-7 Fas cells ( Figure 5 ). Moreover, transiently expressed Pseudo-ICE and ICEBERG conjugated in N or C terminal of enhanced green fluorescent protein were evenly distributed in the cytoplasm, but not in the nucleus, of MCF-7 Fas cells treated or not by TNF-a (data not shown). Interestingly, in a 
21,27,28
Pseudo-ICE, but not ICEBERG, induces nuclear factor (NF)-kB activation in 293 T cells Several CARD-containing proteins, including RICK, have been shown to regulate NF-kB activation. 23,29 ± 37 In keeping with this notion, we hypothesized that Pseudo-ICE and ICEBERG might regulate this activity. 293 T cells were thus transfected with constructs encoding Pseudo-ICE or ICE-BERG together with a NF-kB driven luciferase reporter plasmid in the presence or absence of TNF-a. Pseudo-ICE strongly activated NF-kB in a dose-dependent manner and enhanced TNF-a-induced NF-kB activation ( Figure 6A ). At levels of expression comparable to that of Pseudo-ICE, ICEBERG had very little effect on the basal or TNF-a-induced NF-kB activity ( Figure 6A ). This suggests that NF-kB activity is unlikely to be provoked by a non-specific cellular stress mediated by transient expression of Pseudo-ICE. This stress termed the endoplasmic reticulum-overload response has been described by Pahl et al. 38 Finally, a kinase inactive mutant of IkB kinase (IKK)-a dose-dependently inhibited NFkB activity provoked by Pseudo-ICE without modifying its expression as shown in Figure 6B . Combined, these results indicate that Pseudo-ICE activates NF-kB via a mechanism dependent on the IKK complex. 39 In conclusion, we have identified and characterized the functions of two novel human molecules, termed Pseudo-ICE and ICEBERG, that show striking similarities to the pro-domain of caspase-1 and thus belong to the growing family of CARD-containing proteins. We showed that Pseudo-ICE and ICEBERG inhibit the secretion of IL-1b in THP1 monocytic cell line. This effect is presumably mediated by the ability of both proteins to interact strongly with the prodomain of caspase-1 thereby preventing the binding of an activator of this caspase. This notion is supported by the finding that Pseudo-ICE and ICEBERG prevent binding of caspase-1 to RICK, which was shown by Thome et al. 23 and Humke et al. 24 to interact with and provoke the processing of caspase-1. Humke et al. 24 also demonstrated that endogenous ICEBERG inhibits caspase-1 oligomerization induced by RICK. In this respect, Pseudo-ICE and ICEBERG are similar to the inhibitor of caspase-8, FLAME/FLIP, that contains DED domains and inhibits caspase-8 autoprocessing by preventing its association with the DED-containing adaptor FADD. 21 Of note, except for Pseudo-ICE and ICEBERG, all the CARD proteins described so far bear at least one additional domain which defines the function of the protein either as an enzyme, kinase or caspase, or as an adaptor. 21 The absence of this additional domain makes Pseudo-ICE and ICEBERG unlikely to play a role as an adaptor and thereby as an activator for caspase-1. In contrast, Pseudo-ICE and ICEBERG may act as decoy or dominant negative inhibitory molecules.
In addition to its activity as a dominant negative inhibitor of caspase-1, our results clearly show also that Pseudo-ICE, but not ICEBERG, activates NF-kB, thus extending the growing subgroup of CARD-containing proteins involved in NF-kB pathway. 23,29 ± 35,39 The mechanisms leading to NF-kB activation after Pseudo-ICE overexpression or after other CARD protein ectopic expression are still elusive and require further investigation. However, since Pseudo-ICE, but not ICEBERG, interacts with the CARD-containing kinase RICK, it is possible that Pseudo-ICE induces oligomerization of RICK leading to activation of NF-kB. Oligomerization of RIP and RICK, which interact directly with IKK-g, an essential component of the IKK complex, has been recently proposed as a mechanism by which upstream regulators transmit their activation signals to the IKK complex leading its activation. 40, 41 This study, together with those of Thome et al. 23 and Humke et al. 24 represent the first studies which identified potential intracellular regulators of caspase-1 activation. The characterization of additional interacting partners for group I caspases involved in cytokine production rather than in apoptosis, such as caspases-1, -4, -5 and -13, 12 may help to better understand the mechanisms responsible for their activation. Finding out how group I caspases are regulated is an important step in the discovery of new antiinflammatory therapeutics.
Materials and Methods
Isolation of Pseudo-ICE and ICEBERG cDNAs
The nucleotide sequences of Pseudo-ICE and ICEBERG cDNAs were identified by searching the Genbank EST databases for sequences similar to the prodomain of caspase-1 using the tBLASTn program. Two EST clones whose accession numbers are AA070591 and AA046000 corresponding to Pseudo-ICE and ICEBERG, respectively, were identified and obtained from the I.M.A.G.E. consortium (Washington University School of Medicine, St Louis, MO, USA) and their entire nucleotide sequence was determined by automated sequencing.
Based on the sequence of the EST clone AA070591, primers were designed ( Figure 1 ) and used to amplify Pseudo-ICE cDNA by PCR from different human tissues and cell lines. Pseudo-ICE cDNAs were cloned into pcDNA3 (Invitrogen, Carlsbad, CA, USA), and sequenced. Similar procedures were performed to isolate and verify the sequence of ICEBERG cDNA.
Chromosomal mapping
BLASTn program was used to search for similarities between the full length sequence of Pseudo-ICE or ICEBERG and Genbank HTGS.
Origin and construction of expression and reporter plasmids
The entire reading frame of Pseudo-ICE, ICEBERG and caspase-1 42 were amplified by PCR using complementary PCR adaptor primers spanning the initiation and stop codons of these genes.
T7, Flag, enhanced green-fluorescent protein and GST-fused genes were made by cloning PCR products in-frame into the expression vector pcDNA3, pCMV2 (Sigma, Saint-Louis, MO, USA), pEGFP-C1, pEGFP-N1 (Clontech, Palo Alto, CA, USA) and pGEX-5X 3 (Amersham Pharmacia Biotech, San Francisco, CA, USA), respectively. cDNAs for T7-Pseudo-ICE, -ICEBERG and -caspase-1 C to A active site mutant were generated by PCR and then subcloned into pMSCVneo retroviral vector (Clontech).
Expression vectors for human Apaf-1, cCLAP, CRADD, caspase-8, caspase-10, and caspase-9 C to A have been described before. 17, 29, 43, 44 RICK expression construct was a generous gift from Dr. G Nunez (University of Michigan, Ann Arbor, MI, USA). Kinase inactive mutant of IKK-a were kindly provided by Dr WC Greene (University of California, San Francisco, CA, USA). The 5x kB-luciferase reporter plasmid was from Stratagene (La Jolla, CA, USA). All other cDNAs used in this study were generated by PCR using appropriate PCR primers and subcloned into appropriate expression constructs.
GST fusion proteins and in vitro interaction assay
The GST fusion proteins were expressed in E. coli DH5-a bacteria (Life Technologies, Rockville, MD, USA) incubated for 2 h at 308C in the presence of 0.5 mM of isopropyl-1-thio-b-D-galactoside. Cells were sonicated in GST buffer composed of 20 mM N-(2-hydroxyethyl)piperazine-N'-(2-ethanesulfonic acid), pH 7.6, 1.5 mM MgCl 2 , 100 mM NaCl, 1 mM dithiotreitol, 1% Triton X-100 and phenyl-methyl-sulfonyl-fluoride. Cells were then centrifuged at 10 0006g for 15 min and supernatants were incubated for 2 h at 48C with gluthatione Sepharose 4B resin (Amersham Pharmacia Biotech). The protein-bound resin (30 ml) was washed with GST buffer and incubated overnight at 48C in the presence of 5 ml of 35 S-labeled in vitro-translated products. Labeled proteins were prepared from pcDNA3 constructs by in vitro transcription and translation in the presence of 35 S-methionine using T7-coupled transcription/translation TNT kit according to the manufacturer's instructions (Promega, Madison, WI, USA). Samples of the protein-bound resins were washed three times in GST buffer, boiled in sodium dodecyl sulfate Laemmli sample buffer and then fractionated by electrophoresis on a sodium dodecyl sulfate-polyacrylamide gel. Proteins were then visualized by autoradiography.
In vivo interaction assay
Human embryonic kidney 293 T cells, were cultured in 100 mm dishes in Dulbecco modified essential medium supplemented with 10% fetal bovine serum and antibiotics (all from Life Technologies) defined as DMEM/FBS. When cells reached 50% confluency, they were transiently co-transfected with various amounts of T7-pcDNA3 and Flag-pCMV2 vectors in OptiMEM using the lipofectamine method according to the manufacturer's recommendations (both from Life Technologies). The expression vectors used and their respective amount are indicated in the legend of Figures 2 and 3 . Twelve hours after transfection, OptiMEM was replaced with DMEM/FBS. Twentyfour hours later, cells were lysed in 300 ml of a buffer containing 25 mM tris(hydroxymethyl)aminomethane, pH 7.6, 150 mM NaCl, 1% nonidet-P40, and phenyl-methyl-sulfonyl-fluoride. Samples were centrifuged. One third of the supernatant was put aside to verify by Western blot the expression of the proteins. The remaining 200 ml of supernatant were incubated for 2 h at 48C with anti-Flag M5 plus M2 monoclonal antibodies (Sigma). The immune complexes were precipitated overnight at 48C with protein-G Sepharose (Amersham Pharmacia Biotech), washed extensively and then eluted by boiling in Laemmli sample buffer. The eluted proteins were resolved by polyacrylamide gel and detected by Western blot analysis with horseradish peroxidase-conjugated anti-T7 antibody (Novagen, Madison, WI, USA). Bands were then detected using enhanced chemiluminescence kit (Amersham Pharmacia Biotech).
Transfection of THP1 cells and assay of IL-1b and IL-1 receptor antagonist secretion
The monocytic cell line THP1 was cultured in RPMI 1640 supplemented with 10 mM N-(2-hydroxyethyl)piperazine-N'-(2-ethanesulfonic acid), 1 mM sodium pyruvate, 55 mM b-mercaptoethanol, 10% fetal bovine serum, antibiotics (all from Life Technologies) and 5 ng/ml macrophage-colony stimulating factor (Sigma). The amphotropic packaging cell line Phoenix (G.P. Nolan's laboratory, Stanford University Medical Center, Stanford, CA, USA) was transfected with pMSCVneo vectors using the calcium phosphate/chloroquine method. 45 Forty-eight hours after transfection, culture supernatants containing retroviral particles were collected and filtered through Cell Death and Differentiation Inhibition of IL-1-b secretion by CARD proteins A Druilhe et al 0.45 mm membrane. THP1 cells (1610 6 cells/well) were then centrifuged in 6-well plate for 45 min at 1800 r.p.m. at 328C in the presence of 3 ml of retrovirus-enriched supernatant supplemented in 4 mg/ml of polybrene (Sigma). Plates were placed back in a CO 2 incubator at 328C for 1.5 h. Supernatants were replaced for fresh retrovirus-enriched medium. THP1 cells were subjected to a total of three cycles of infection followed by 48 h of culture in THP1 growth medium described above. Cells were then selected using 1 mg/ml neomycin (Life Technologies). After 2 weeks of culture, viable THP1 cells were sedimented and cultured in 96-well plates in the presence of neomycine.
After several weeks of culture, the expression of transgenes was verified by Western blotting of mass culture lysates.
To assay for IL-1b and IL-1 receptor antagonist, cells (0.75610 6 cells/ml) were cultured for 24 h with THP1 medium without fetal bovine serum and macrophage colony-stimulating factor and were incubated for 4 h with 100 units/ml of IFN-g and then for 18 h with 10 mg/ml of LPS. Supernatants diluted at 1/2 ± 1/4 or 1/10 ± 1/40 were used to quantify IL-1b or IL-1 receptor antagonist, respectively, by enzymelinked immunosorbent assay (R&D systems, Minneapolis, MN, USA).
Apoptosis assay
MCF-7 Fas cells, breast adenocarcinoma cells stably transfected with
Fas receptor, were seeded in triplicate at 0.05610 6 cells/well in 6-well plates in DMEM/FBS. Thirty-six hours later, cells were transfected with 0.2 mg pRSC LacZ reporter plasmid, 0.8 mg T7 Pseudo-ICE, ICEBERG, or caspase-9 C to A together with 4 ml of lipofectamine in 1 ml of OptiMEM. Eight hours after the beginning of transfection, OptiMEM medium was replaced with DMEM/FBS and 2 or 10 ng/ml of TNF-a were added to the cultures for 12 h. Cells were then stained in situ for b-galactosidase activity using the b-Gal staining kit from Invitrogen. The proportions of apoptotic cells were evaluated by counting the numbers of stained normal and apoptotic cells. The cells from the third remaining well were collected and lysed. Cell lysates were used to verify the expression of the transgenes.
Determination of intracellular localization
MCF-7 Fas cells were transfected with 1 mg of Pseudo-ICE or ICEBERG pEGFP-C1 or -N1 as described above. Twenty-four hours after the beginning of the transfection, the intracellular localization was evaluated by observing the cells using a fluorescence microscope.
Quanti®cation of NF-kB activity
293 T cells were seeded in triplicate at 0.3610 6 cells/well in 12-well plates in DMEM/FBS. Twenty-four hours later, cells were transfected with various expression vectors plus 0.025 mg 5x kB-luciferase and 0.2 mg pRSC-LacZ reporter plasmids, together with 3 ml of lipofectamine in 1 ml of OptiMEM. The expression vectors used and their respective amount are indicated in the legend of Figure 6 . In each well the total amount of T7 pcDNA3 and Flag pCMV2 expression vectors was kept constant at 0.7 mg by addition of empty vector. OptiMEM medium was replaced with DMEM/FBS 8 h after transfection. Sixteen hours after the change of medium, the cells were collected, washed in phosphate buffer saline and lysed using lysis buffer from Promega's luciferase assay system kit. In some experiments, cells were treated for 6 h with 20 ng/ml of TNF-a prior to harvesting.
NF-kB activity was assayed on 5 ml of cell lysates by chemiluminescence as per the instructions of Promega. To normalize for transfection efficiency, cell lysates were also subjected to bgalactosidase spectrophotometric assay. In brief, 10 ml of cell lysate were incubated for 15 min at 378C with 290 ml of a solution containing 0.9 mg/ml o-nitrophenyl-b-D-galactopyranoside, 1 mM MgCl 2 , 45 mM b-mercaptoethanol, 100 mM sodium phosphate, pH 7.5. The reaction was stopped by addition of 500 ml of Na 2 CO 3 at 1 M. The optical density was read at a wavelength of 420 nm. Results are expressed as relative luciferase units per second/optical density for b-galactosidase activity.
Accession numbers
The nucleotide sequences reported here have been submitted to the Genbank/EMBL Data Bank (accession number AF367017).
